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Standard Test Method for
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UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH
OF COHESIVE SOILS IN TRIAXIAL COMPRESSION'
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eriginal adopon or. in the case of revimon. the year of last revason. A aumber in psreatheres indacates the year of laa reaggsonal.
A superxTipt cpmion (1) indicaies an editonal change since the last revision or reapproval.

1. Scope -

* 1.1 Thistest method covers the determination
of the unconsolidated. undrained compressive
gtrength (or maximum principal stress difference)
of cylindnical specimens of cohesive soils in un-
disturbed, remolded. or compacied conditions
using constant rate of deformation (strain-con-
trolled) application of the axial compression test
load and where the specimen is subjecied to a
confining Nuid pressure in a triaxial chamber.
No drainage of the specimen is permitied during
the test. The test method provides for the mea-
surement of the total stresses applied to the spec-
imen. that is. the stresses are not correctied for
pore-water pressure. The total stress ts the sum
of the effective stress and the pore pressure.

1.2 This test method provides data for deter-
mining undrained strength propertics and stress-
strain relations for soils.

Notr 1—The determination of the unconsolidated.
undrained sirength of coheuve sonls without laicral
confinement is covered by Test Methads D 2166,

Note 2—This test method does not provide 2 pro-
cedure for back pressure saturation of the test speti-
mens. If beck pressure saturation of the specimens 1s
required. the 1ot must be performed utilizing proce-
dures and apparatus umilar 10 those required for a
contolidated undrained triaxial test. However. due to
coasolidation. which could occur dunng the saturation
phase. thrs modified procedure is not truly unconsoli-
dated. A test methad for the consolidated undrained
triaxial test is currently under development in Subcom-
mitiee D18.0S.

Note 3—This test method does nk include a pro-
cedure for obuining pore pressure measurements. Fur-
thermore, at the rapid strain rates uted in this lest
methad such measurements could be inacturate. Il pore
Premure measurements are desired. alternauve proce-
dures such as the U.S. Burcau of Reclamation Method
E-17 can be ueed.

1.3 The values stated in SI units are 10 be
regarded as the standard.

1.4 This standard may involve hazardous ma-
terials. operations. and equipment. This siandard
dovs ant purport (o address all of the safety prod-
lemns assiated with its use. It is the responsibil-
ity of the user of this ssandard 10 vstaish appro-
priate safcty and health practices and determine
the applicability of regulatory limitations prior 1o
use.

2. Referenced Documents

2.1 ASTM Stundurds:

D422 Mecthod for Particle-Size Analysis of
Soils’

D653 Terms and Symbols Relating 1o Soil
and Roch?

D853 Test Method for Speaific Gravity of
Soils®

D 1587 Practice for Thin-Walled Tube Sam-
pling of Soils’

D266 Test Methads for Uncontined Com-
pressise Strength of Cohesive Soil®

D 2216 Method for Laboratory Determination
of Water (Moisture) Content of Soil. Rock.
and Soil-Aggregate Mixtures®

D 2487 Test Method for Classification of Soils
for Engincening Purposes®

D 2388 Practice for Description and ldentifi-
cation of Soils (Visual-Manual Procedure)

* This \ext method s under the juradiction of ASTM Comr-
mitiee D- 18 on Soil and Rock and o the direct responsibalny of
Subcommitier D18.03 on Structural Properues of Soik
Currest edition approved Apnl 24, 1937, Publshed Jume
gg.:amn,pm;.bmo-numm
-0
3 Anmeal Back of ASTM Siandards, Vel 04.08.
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D4220 Practices for Preserving and Trans-
porung Soil Samples®

D4318 Test Method for Liquid Limut, Plastic
Limit. and Plasticity Index of Soils

3. Terminology -

3.1 Definitions:

L1 naxial compression (eu—a 1€t in
which a cylindnical specimen of soil encased in
an impervious membrane is subjected to a con-
fining pressure and then loaded azially to failure
in compression (as defined in 3.2.1).

3.1.2 principul stress difference or deviator
vress—the difference hetween the major and
minor principal stresses in a triaxial test.

3.3.2.1 Discussion—The principal stress dif-
ference or deviator stress is equal to the axial
lcad applied 10 the specimen divided by the
corrected cross-sectional area of the specimen. as
prescribed in Section 8. The major principal
stress in the specimen is equal to the deviator
stress plus the chamber pressure, and the minor
principal stress in the specimen is equal 10 the
chamber pressure. '

3.2 Descriptions of Terms Spevitic 10 Ths
Standard

121 turlure—1he failure stresses arc aken as
the stresses in the specimen comespanding to the
mavimum prncipal stress difference (deviator
stress) attained or the principal stress difference
(deviator stress) at 15 % axial strain. whichever
is obtaincd first duning the performance of a test.

3.2.2 unconsedidated-undrained  compres.
vrength—the value of the maximum pnncipal
stress difference or deviator stress obtained dur-
ing the test.

4. Sigsificance and Use

4.1 In this test method. the compressive
strength of a soil is determined in terms of the
total stress. therefore. the resulting strength de-
pends on the pressure developed in the pore fluid
during loading In this test method. fluid flow is
not permitted from or into the soil specimen as
the load is applied. therefore the resulting pore
pressure, and hence strength, differs from that
developed in the case where drainage can occur.

4.2 If the test specimens are 100 % saturated.
consolidation cannot occur when the confining
pressure is applied nor during the shear portion
of the text since drainage is not permitted. There-
fore. if several specimens of the same material
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are tested. and if they are all at approximately
the same water content and void ratio when they

. are tested. they will havespproximately the same

undrained shear strength.' The Mohr failure en-
velope will usually be a horizontal straight line
over the entire range of confining siresses applied
to the specimens if the specimens are fully satu-
rated.

4.3 I the test specimens are pantially saturated
or compacied spevimens. where the degree of

" gaturatic - s less than 100 %. consolidation may

occur when the confining pressure is applied and
during shear. even though drainage is not per-
mitted. Therefore. if several partially saturated
specimens of the same matenial are fested at

_different confining stresses, they will not have the
sime undrained shear strength. Thus. the Mohr -

failure envelope for unconsolidated undraingd
triaxial tesis on partally saturated soils is usually
curved. .

4.4 The unconsohdated undrained triaxial
strength is applicable 10 certain design situations
in geotechnical engineering practice where the

loads are assumed to take place so rapidly that -

there is insufficient time for the induced pore-
water pressure to dissipate and for consolidation
to occur dunng the loading period (that is. drain-
age docs not occur). The unconsolidated un-
drained tnaxial strength is used 10 determine
strengths at the end of construction.

4.5 Compressive sirengths determined using
this procedure may not apply in cases where the
Joading conditions in the field differ significantly
from those used in this test method.

S. Apparstus

8.1 Anial Loading Device—The axial com-
pression device may be screw jack driven by an
electric motor through a geared transmission. a
hydraulic or pneumatic loading device. or any
other compression device with sufficient capacity
and control to provide the rate of loading pre-
scribed in 7.5. When the loading device is set 10
advance at a centain rate of strain, the actual rate
of sirain shall not deviate by more than =10 %.
Vibrations due to the operation of the loading
device shall be kept at a minimum.

Note 4—A loading device may be said to provide
sufficiently small vibrations if there are no visibie np-
ples in 3 glans of water placed on the fcading platen
when the device is operating 3t the speed at which the
et is performed.
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3.2 Axial Load-Measuring Device—The axial
load:l'neasuring device shall be a load ring. elec-
tronic load cell. hydraulic load cell, or any other
losd-measuring device capabie of the accuracy
prescribed in this section and may be a pan of
the axial loading device. The azial load-measur-
ing device shall be capable of measuring the axial
load 10 an accuracy of 1 % of the estimated axial
load at failure.

3.3 Chamber Pressure-Maintaining and Meg-
suremen: Device—The chamber pressure-main-
taining and measurement device shall be capable

“of applying and controlling the chamber pressure

to within 21 % of the applied chamber pressure.
This device may consist of a reservoir connected
to the triaxial chamber and partially filled with
the chamber fluid (usually water), with the upper
pant of the reservoir connected 10 2 compressed
gas supply: the gas pressure being controlled by
a pressure regulator and measured by a pressure
gage. clectronic pressure transducer. or any other
device capable of measuring 1o the prescribed
tolerance. However, a hydraulic system pressur-
ized by deadweight acting on a piston or any
other pressure-maintaining and measurement
device capable of applying and controlling the
chamber pressure 10 the tolerance prescnibed in
this section may be used.

8.4 Trnauxial Compression Chamber—An ap-
paratus shall be provided in which the cylindncal
specimen. enclosed by a membrane scaled to the
specimen cap and hase. may be placed and sub-
jected to a constant hydrostauc fluid pressure.
The apparatus shall include a bushing and piston.
aligned with the axis of the specimen, through
which the load from the axial loading device is
transmitled to the specimen axially hetween the
specimen cap and base. The bushing and piston
shall be designed to minimize friction and lateral
thrust to the specimen cap.

5.5 Spevimen Cap and Buase—An imperme-
able rigid cap and base shall be used to prevent
drainage of the specimen. The specimen cap and
base shall be constructed of a noncorrosive im-
permeable material, and each shall have a circu-
lar plane surface of contact with the specimen
and a circular cross section. The weight of the
specimen cap shall produce an axial stress on the
specimen of less than | kN/m?. The diameter of
the cap and base shall be equal to the initial
diameter of the specimen. The specimen base
shall be coupled 10 the triaxial compression

D 2850

chamber so as to prevent lateral motion or tilting
and the specimen cap shall be designed to receive
the piston such that the piston-to~cap contact

.- gres is concentric with the cap. The specimen

cap during shear shail not tilt more than 5°. The
cylindrical surface of the specimen base and cap
that contacts the membrane to form a seal shall
be smooth and free of scraiches.

NOTE $—The siress produced by the specimen cap
can excend | kN/m! provided the test data © correcied
for the effects of that stress. _

8.6 Deformation Indicator—The deformasion
indicator shall be a dial indicator capable of
measuring axial deformation to within 0.03 % of
the specimen height and having a travel range of
at least 20% of the initial height of the test
specimen. or any other measuring device. such
as electronic deformation measuring devices.
meeting these requirements of readability and

range.

5.7 Rubber Membranes—The rubber mem-
brane used 10 encase the specimen shall provide
reliable protection against leakage. Membranes
shall be carefully inspected prior 10 use. and if
any flaws or pinholes are evident. the membrane
shall be discarded. In order to offer minimum
restraint 1o the specimen. the unstreiched mem-
brane diametet shall be between 90 and 95 % of
that of the specimen. The membrane thichness
shall not exceed | % of the diameter of the spec-
imen. The membrane shall be-sealed to the spec-
imen base and cap by any methad that will
produce a positive seal. An equation for correct-
ing the principal stress difference (deviator stress)
for the effect of the stiffness of the membrane 1s
givenin 8.5,

- Notu 6—The membrance 15 tspwally sealed using
O-nngs with silccon grease between: the cap and base
and the membrane.

$.8 Sumple Extruder—The sample extruder
shall be capable of extruding the soil core from
the sampling tube in the same direction of travel
in which the sample entered the tube and with
minimum disturbance of the sample. If the soil
core is not extruded vertically, care should be
taken 1o avoid bending stresses on the cofe due
to gravity. Conditions at the time of sample
removal may dictaie the direction of removal.
but the principal concern is 10 keep the degree of
disturbance minimal.

8.9 Spevimen Size Measurement Devices—
Devices used 10 measure the height and diameter
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of the specimen shall be capable of measuring
the desired dimension to within 0.1 % of its
actual length and shall be constructed such that
their use will not disturb the specimen.

5.10 Timer—A u:ning device indicating the

elapsed testing time to the nearest | s shall be .

used for estadblishing the rate of strain apphcauon
prescribed in 7.8,

5.11 Balances—The balance used 1o weigh
specimens shall determine the mass of the spec-
imens 10 within 0.1 % of the total mass.

5.12 Apparatus tor Bater Content, as specified
in Method D 2216.

$.13 Miscellaneous Apparatus—Specimen
trimming and carving tools. membrane and O-
ring expanders. compaction apparatus. and data
sheets as required.

6. Test Specimens

6.1 Spevimen Size—Specimens shall have a
minimum diameter of 30 mm and the largest
panticle contained within the test specimen shall
be smaller than YA of the specimen diameter. If.
after completion of a test. it is found that oversize
panticles are present. indicate this information in
the report of test data under remarks. Determine
the average height and diameter of the test spec-
imen using the apparatus specified in 5.9. Take
a minimum of three height measurements (120°
apart) and at least three diameter measurements
at each of the quarnier points of the height. The
height-to-diameter ratio of the specimen shall be
between 2 and 2.5.

Nott 7=If large soil particles are found in the
specimen afier testing. a particie-size analysis in accord-
ance with Method D 422 may be performed 1o confirm
the visual observation and the results provided with the
test report.

6.2 Undisturbed Spevimens—Prepare undis-
turbed specimens from large undisturbed sam-
pies or from samples secured in accordance with
Practice D 1587 or other acceptable undisturbed
tube sampling procedures. Undisturbed samples
shall be preserved and transported as outlined for
Groups C or D samples in Practices D 4220.
Specimens obtained by tube sampling may be
tested without trimming. except for the squaring
of ends. provided soil characteristics are such that
no significant disturbance results from sampling
and the specimen is uniformly circular. Handle
specimens carefully to minimize disturbance,
changes in cross section. or loss of water content.

If compression or any type of noticeable distur-
bance would bx caused by the extrusion device,
split the sample tube lengthwise or cut it off in
small sections to facilitate removal of the speci-
men with minimum disturbance. Prepare
trimmed specimens in an environment where the
change in the water content of the soil is mini-
mized (Note 8). Specimens shall be of uniform.
circular cross section perpendicular 1o the axis of
the specimen. Where pebbles or crumbling result
in excessive irregularity along the outside edges
of the specimen or at the ends. pack soil from
the timmings in the irregularities to produce the
desired surface. As an aliernative, the ends of the
specimen may be capped with a minimal thick-

ness of plaster of paris. hydrosione, or similar .

matenial. Where soil conditions permit. a vertical
lathe accommodating the total sample may be
used as an aid in trimming the specimen 10 the
required diameter. Determine the mass and di-
mensions of the test spevimen in accordance with
8.9 and S.11. If the specimen is to be capped.

‘determine its mass and dimensions before cap- -

ping. Enclose the specimen in the rubber mem-
branc and seal the membrane 10 the spevimen
hase and cap immediately after preparation,

Nult 8—A controlled high-humidity mom 1s usu-
ally used for this purpuse.

6.3 Remelded Spevimens—Prepare the spevi-
men by first thoroughly working the undisturbed
specimen. which has heen tested and is still en-
cased in the rubber membrane. with the fingers.
Then reform the specimen by forming within a
mold having dimensions such that the remoided
specimen dimensions will be equal 10 those of
the undisturbed specimen. Exercise care 10 avoid
entrapping air in the specimen. This will aid in
obtaining a uniform unit weight. in remolding 1o
the same void ratio as the undisturbed specimen.
and in preserving the natural water content of
the soil.

6.4 Compacted Specimens—Prepare  speci-
mens using the compaction method. predeter-
mined water content. and unit weight prescribed
by the individual assigning the test. Compacted
specimens may be prepared by compacting ma-
terial in at least six layers, using a pressing or

kneading action. into a split mold of circular.

cross section having dimensions meeting the re-
quirements of 6.1, Material required for the spec-
imen shall be batched by thoroughly mizing soil
with sufficient water to produce the desired water
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the loading to 15 % axial strain, except loading
may be stopped when the deviator stress has
peaked then dropped 20 % or the axial strain has
reached 5 % beyond the strain at which the peak
10 deviator stress occurred. .

7.6 Record load and deformation values at
about 0.1, 0.2, 0.3, 0.4, and 0.5 % strain; then at
increments of about 0.5 % strain to 3 %; and.
thereafler at every | %. Take sufficient readings
1o define the stress - strain curve; hence, more
frequent readings may be required in the early
stages of the test and a3 failure is approsched.

NOTE 14—Ahernate intervals for the readings may
be used provided sufficient points are cbtained 1o define
the stress - strain curve.

1.7 Afier completion of the tests, remove the
test specimen from the chamber, Determine the
water content of the test specimen in accordance
with Method D 2216 using the entire specimen,
unless representative cuttings are obuined for
this purpose, as in the case of undisturbed speci-
mens. Indicate on the text report whether the
water content sample was obtained before or
afier the shear test, as required in 9.1.2.

7.8 Make a sketch. or 1ake a photo. of the test
spreimen at failure and show the slope angle of
the failure surface if the angle s visible and
mcasurable.

8. Calculations

8.1 Calculate the axial strain. « {cxpressed as
a decimal). for a given applied axial load, as
follows: : .

= 3/,

where:

Al. = changein length of specimen as read from
deformation indicator, and

1., = imual length of test specimen aunus any
change in length pnor to loading.

R.2 Calculate the average cross-sectional arca.
{. for a given applied axial load as follows:

A= LAY =)

where:

s = 1mtial average cross-sictional area of the
specimen, and

« = axial strain for the given axial load (ea-
pressed as a decimal).

Non 15—In the event that the appixation of the
chamber pressure results in a change 1n the specimen

kengih. 44 should be corrected (o reflect thes change 1n
volume. Frequently. this 8 done by assuming that

lateral strains are equal to verucal strains. The diameter
afier volume change would be given by ) = Dyl -

Ay

8.3 Calculate the principal stress difference
(deviator stress). o, = o for a given applied axial
load as follows:

e~ av= P/4

where: . -

P = measured applied axial load (corrected for
uplift and piston friction, if required see
7.4), and

A = corresponding average Cross-sectional area.

8.4 Siress - Sirain Curve—Prepare a graph
showing the relationship between principal siress
difference (deviator stress) and axial strain, plot-
ting deviator stress as ordinate and axial strain
(in percent) as abscissa. Sclect the compressive
strength and axial strain at failure in accordance
with the definitions in 3.2.1 and 3.2.2. -

8.5 Correction of Strength Due 10 Stiffness of
Rubber Membrane—Assuming units are consist-
ent, the following equation. or other acceptable
equations. shall be used to correct the principal
stress difference or deviator stress for the effect
of the rubber membrane if the error in principal
stress difference due 10 the stiffness of the mem-
brane exceeds $ %:

where:

e, = ) = correction to be subtracted from
the measured principal stress dif-
ference,

b = 44 '
? = diameter of specimen.
| . = Young's modulus for the mem-
brane matenal,
] = thickness of the membrane, and
“ = axial strain,

8.5.1 The Young's modulus of the membrane
material may be determined by hanging a 10.0-
mm wide sirip of membrane over a thin rod.
placing another rod along the bottom of the
hanging membrane. and measuring the force per
unit strain obtained by stretching the membrane.
The modulus value may be computed using the
following equation assuming units are consistent:
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